Abstract Slow evaporation of water solution of [{Re 6
Introduction
Metal cluster complexes with general formula [{M 6 Q 8 }L 6 ] n (M=Re, Q=S, Se, Te; M=Mo or W, Q=Cl, Br, I; L = organic or inorganic ligands) belong to one of the most general cluster archetypes based on an octahedral metal cluster core with M-M bonding capped with eight l 3 -bridged halide or chalcogenide ligands [1] [2] [3] . Figure 1 (left) shows a representative structure of such cluster. The main feature of electron precise clusters of this type (24 cluster skeleton electrons) formed by Mo, W and Re is luminescence, which is currently widely explored by different research groups with multiple prospects for practical use [4] [5] [6] [7] [8] [9] .
Octahedral rhenium cluster complexes exhibit luminescence in NIR region under UV irradiation [10] [11] [12] that can be used for biomedical applications [13] [14] [15] . Moreover, high local concentration of heavy Re atoms in the {Re 6 Q 8 } 2? cluster core can be used for design of novel iodine-free X-ray contrast agents [14, 16] . However, these cluster complexes are often insoluble in water at physiological pH (* 7.4) [10, 15, 17] . To obviate this handicap, a number of strategies aimed at obtaining stable water-soluble clusters with functionalized organic ligands or disperse materials based on them have been proposed [15] [16] [17] [18] [19] [20] [21] [22] . On the other hand, cyclodextrins (CDs) are water-soluble cyclic oligosaccharides made of 6 (a), 7 (b) or 8 (c) glucopyranose units, which exhibit a hydrophobic internal capable to host a large variety of compounds of appropriate size and shape [23] . These macrocyclic cavitands can encapsulate active drugs, solubilize poorly soluble compounds, and limit the toxicity of some agents [24] [25] [26] [27] [28] 
Materials and Methods
The starting material K 4 [{Re 6 S 8 }(OH) 6 ]Á8H 2 O was prepared according to the literature [29] . All other reagents were of commercial quality and used as purchased (Sigma Aldrich). IR spectra (4000-400 cm -1 ) were recorded on a Vertex 80 spectrometer. TG experiments were run on a NETZSCH TG 209 F1 device in an Al 2 O 3 crucible by heating a sample from 22 to 300°C with 10°C gradient. Energy-dispersive X-ray spectroscopy (EDS) was performed on a Hitachi TM3000 TableTop SEM with Bruker QUANTAX 70 EDS equipment.
1 H NMR solution spectra were recorded using 5 mm o.d. tubes with a Bruker Avance 400 MHz spectrometer equipped with a BBI probehead and operated at a magnetic field strength of 9.4 T. D 2 O was used as the solvent. Translational diffusion measurements were performed using Bruker's ''ledbpgs2 s'' stimulated echo DOSY pulse sequence including bipolar and spoil gradients. Apparent diffusion coefficients were obtained using an adapted algorithm based on the inverse Laplace transform stabilized by maximum entropy. 
Single Crystal X-ray Diffraction
The crystal structure of 1Á12H 2 O was determined by X-ray analysis on an Xcalibur (Agilent Technologies) single crystals diffractometer at 130 K, using graphitemonochromated Mo (k = 0.71073 Å ) radiation. The reflections intensities were measured by doing x-scanning of narrow (0.58) frames. Empirical absorption correction was applied with SCALE3 ABSPACK program (CrysAlisPro, Agilent Technologies, Version 1.171.37.35). The structure was solved by direct method and refined with fullmatrix least-squares treatment, anisotropically for non- The hydrogen atoms of water molecules were not localized, while hydrogen atoms of c-CD molecules were refined in their geometrically calculated positions. Crystal data and refinement details are summarized in Table S1 , and main bond distances are listed in Table S2 . Further structural information can be found in cif file deposited in CCDC with code 1566715.
Results and discussion
This work deals with water soluble rhenium cluster complexes with hydroxo or aqua ligands. [{Re 6 (Fig. 2) and water molecules, which fill the free space between the main structural units. The supramolecular unit consists of the octahedral rhenium cluster [{Re 6 S 8 }(H 2 O) 6 ] 2? and c-CD building blocks, which combine together by host-guest interactions without any specific bonding. The closest distance for hydrogen bonding between the cluster-coordinated H 2 O molecules positioned in the embedded faces, and OH groups of c-CD is as large as 3.24 Å . This interaction is a kind of sizespecific chemical recognition when the host molecule is c-CD and the guest entity is the rhenium cluster. The ''diameter'' of rhenium complex (taken as the distance between a pair of oxygen atoms present on the same central axis) is about 8 Å , which fits to the internal diameter of c-CD, 8.8 Å . Table 1 summarizes main interatomic bond distances in the rhenium cluster in 1Á12H 2 O and in related clusters. As can be seen, incorporation of the cluster into the host cavity does not lead to any compression of the cluster dimensions. Comparison of the Re-O distances in this series of clusters indicates the presence of six coordinated water molecules in 1. Possibly, the presence of more hydrogen atoms on the ligands (i.e., going from OH -to H 2 O) makes better fitting between the cluster guest and c-CD host. Moreover, the unique coordinated water molecule located inside the cavity (in the center of the CD) forms strong hydrogen bonds (O…O 2.57 Å ) with four disordered water molecules included in the remaining part of the cavity. Hence, the formula of the supramolecular unit is to be written as {[[{Re 6 S 8 
. The four water molecules coordinated in the ''equatorial'' positions form hydrogen bonds with free water molecules (O…O 2.71 Å ) and OH groups belonging to c-CD of adjacent supramolecular units (O…O 2.83-2.87 Å ). NO 3 -anions are highly disordered and due to the intense background of the cluster complex with cyclodextrin, we do not observe them directly in the Fourier synthesis. However, elemental analysis and electroneutrality principle require nitrate groups in the composition. NO 3 -is known to be poor ligands except for lanthanides and actinides and it does not form any strong interactions with cluster or c-CD.
In the crystal packing, the main structural units form infinite columns running along [001] crystal direction by means of hydrogen bonding with water molecules (Fig. 3) .
Unlike (Figs. S1 and S2 ). The spectra exhibited the six characteristic resonances of c-CD where their positions were unvaried within 0.02 ppm whatever the molar ratio and the concentration of the Re cluster added. Also, DOSY NMR showed a too small decrease of the diffusion coefficient of the CD from ca. 250 ± 5 to 240 ± 5 m 2 /s when increasing the amount of the cluster in an 3 mM aqueous solution of c-CD up to cluster/CD molar ratio of 11. Hence, the formation of 1 seems to be a result of network energy minimization while building the crystal packing by producing multiple hydrogen bonds between the host-guest complex and water molecules, although there is no hydrogen bonding between the host and the guest.
In the case of selenium cluster [{Re 6 . The host-guest interaction is based on the size fit and does not involve specific bonding scheme (coordination or hydrogen bonding). This is the first host-guest inclusion compound for a Re 6 cluster with CD reported so far. However, its formation is mostly driven by the crystal packing forces involving multiple hydrogen bonding between the {[{Re 6 2? , its interaction with c-CD in acidic solution was not detected by 1 H NMR technique, and the compound was found to be unstable during the crystallization. Its decomposition prevents any isolation of crystalline product, but leads to the formation of insoluble oxidation products.
Acknowledgements This work was supported by Russian Foundation for Basic Research (Grant Number 17-53-16006) and LIA-CNRS 1144 CLUSPOM.
Compliance with Ethical Standard
Conflict of interests The authors declare that they have no conflict of interest. 
